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What happens to biochars after their 
application to tropical and subtropical soils? 
 
 – Extrapolation of results obtained from soil 
profiles of typical fire-affected landscapes of 
Brazil 
Char application as a 
means 
to enhance soil productivity 
(800 BC – 500 AC) 
Recent  re-discovery:  
 
Concept of Biochar:  
 
  
Terra preta do Indio 
What are the long-term impacts? 
Definition of Biochar 
……..thermochemical conversion of biomass in an 
oxygen limited environment. (pyrolysis) …… (IBI, 2012)  
Difference to natural charcoal:  
  
 - natural above ground fire needs oxygen ! 
 - Volatilization > 400°C,  
 - low recondensation  (low soot production). 
Sharma et al. 2003, Fuel 83, 1469-1482 
Effect of Temperature of Char Yields of Lignin under 
Oxic and Anoxic Condition 
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Solid-State Nuclear Magnetic 
Resonance (NMR) Spectroscopy 
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• Considerable difference 
between “natural” and 
“pyrogenic” SOM 
• Identification of PyOM by 
aromatic C content 
(unburnt soils < 25%) 
• Change of soil properties 
are expected 
C sink potential 
SOM Accessibility 
Adsorption Aggregation 
Solubility 
 COOH increases 
 Aggregation 
 High carbohydrate content 
 COOH is released 
 Polymerization  
 High aromaticity 
 N occurs as amide  Heterocyclic N 
Humification and pedogenic processes 
  Biological Processes Pyrogenic Processes  
Hydrophobicity 
Soil wettability 
Chemical Structure of SOM 
Nutrient cycle 
Under oxic conditions char becomes relatively 
quickly oxidized 
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Chronosequence: Ceasing Biannual Burning 
(Planalto, Brazil) 
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13C NMR Spectra of the A Horizon of a Leptosol from 
the Planalto (Brazil) 
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• No clear indication for 
PyOM 
Fast degradation of 
PyOM? 
•  Increase of aromatic C 
with depth 
•Translocation of PyOM? 
•Selective enrichment? 
Humic Leptosol 
 (0-5 cm):   12.1% 
 (15-30 cm):       6.4% 
 (30-45 cm):    3.7% 
PyOC Stocks in Comparison with non-PyOC  
(0-30 cm) 
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Burning leads to C increase  
C increase is due to 
addition of carbohydrates 
(input of unburnt 
necromass of dead roots) 
New litter input 
“masks” PyOM 
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Velasco –Molina et al. in preparation 
PyOC in Soils under Cerrado (Viracopos) 
PyOC in Soils under Cerrado  
Velasco-Molina et al. in preparation 
% 
  clay   silt   sand   
C T   
- 0.86   0.30    0.59   
carboxyl   0.52   0.16   - 0.55   
aryl    0.36   - 0.52   - 0.01   
O - alkyl   - 0.46   0 .58    0.06   
N - alkyl   - 0.42   0.50    0.07   
alkyl   - 0.38   0.30    0.16   
  
In addition to PyOM-mineral interaction 
 other mechanism must occur 
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Residue after removal of DOM 
Almost all aromatic C is N-
heteroaromatics 
Conclusion 
• Charcoal differ greatly from naturally humified SOM 
 
• We have evidence for oxidation of the aromatic network 
  
On a larger time scale degradation processes may level out 
the  differences between PyOM and SOM in the topsoil  
 
• Once oxidized, the increasing solubility allows leaching of 
PyOM to the deeper soil  
 
High PyOM content in subsoil as a typical feature of soils 
with frequent  char input? 
 
Fire (biochar input) as soil forming factor? 
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